Background {#Sec1}
==========

Malaria is a parasitic disease that is transmitted to humans by a female anopheles mosquito infected with one of the five species (*falciparum, vivax, ovale, malariae and knowlesi*) from the genus *plasmodium* \[[@CR1]\]. *Plasmodium falciparum* is the most prevalent species in Africa. Usually the symptoms of infection appear 9 to 14 days after a bite from an infectious mosquito and typically include fever, headache, vomiting, and other flu-like symptoms. If not treated, malaria can be dangerous to life. Malaria is, therefore, mentioned as the commonest cause of fevers \[[@CR2]--[@CR6]\] and in many malaria endemic areas, fever has been used as a proxy for malaria, although the cause might be different \[[@CR4]\]. Childhood fever is the most common clinical sign of *P. falciparum* infection and used as a measure of public health burden of the disease, and the effectiveness of the programs aimed at preventing malaria \[[@CR7]\].

Globally, 3.4 billion people are at risk of malaria, with 1.2 billion at high risk (\>one case per 1000 population) \[[@CR8]\]. In 2013, World Health Organization (WHO) estimated 198 million cases of malaria to have occurred globally, out of which 584 000 deaths were estimated. The majority of cases (82 %) and deaths (90 %) estimated occurred in WHO African region, in which under-5 years accounted for 78 % of all the deaths that occurred \[[@CR9]\]. From the year 2000, more than half of the countries that had ongoing malaria transmission have recorded decreases in the incidence of confirmed and reported cases of malaria. This was because of the scale-up of malaria interventions between 2000 and 2013, which led to the reduction of the incidence rates of the disease by 30 % globally, and by 34 % in Africa \[[@CR8]\]. Between 2000 and 2013, mortality rates of malaria decreased by 47 % globally and by 54 % in Africa. In under-5 children the decline in mortality rate was by 53 % globally and by 58 % in Africa \[[@CR8]\]. There is an estimated decrease of malaria incidence by 2015 of 56 and 63 % in all age groups and children under-5 years of age respectively if the annual rates of decrease is maintained \[[@CR10]\].

In Zambia, malaria is one of the leading causes of morbidity and mortality among children under the age of five \[[@CR11]\]. It accounts for up to 40 % of all infant mortality of which 15--20 % of deaths happen in children under-5 years of age. Over the past five years, Zambia has significantly intensified the efforts against malaria by initiating and scaling up of internationally accepted prevention and control strategies \[[@CR12]\]. Despite that, febrile illnesses more especially caused by malaria remains a public health problem in our rural areas. The aim of this study was to determine the incidence of reported fever in under-5 children of Chivuna and Magoye rural communities.

Methods {#Sec2}
=======

Study design and population {#Sec3}
---------------------------

This longitudinal study determined the incidence of fever in under-5 children of Chivuna and Magoye rural communities in Mazabuka district, Zambia. About 70 % of the population in Mazabuka district is rural, consisting of peasants who depend on subsistence farming as their source of food and income. Their major crops are maize and cotton. Working on part-time or full-time basis in the nearby commercial farms is also a common occupation. Formal education levels are low, rarely going beyond 7^th^ grade. The majority of the settlers in the area are the Tonga speaking people; the largest tribe in the southern part of Zambia. Geographically, the two areas have generally flat land with numerous small rivers, but Chivuna is mountainous in few areas.

Data collection {#Sec4}
---------------

The data on 1221 under-5 children was collected by ten (10) trained field assistants using structured questionnaires from their caretakers during the period of July 2006 and November 2007 on a monthly basis. The main categories of questions in the questionnaire were developed based on what previous studies had used and reported, and included general social-demographic factors, and experience of fever in the preceding one month. The piloting of questionnaire and field assistants was done on 5 % of the total sample size. The caretakers determined the presence or absence of fever by only touching the body. The fever was used as a proxy measure for malaria.

Ethical approval for the study was obtained from Excellence in Research Ethics and Science Converge Institutional Review Board, Zambia (Ref. No. 2014-May-033).

Data analysis {#Sec5}
-------------

Data was analysed using STATA (STATACORP, version 12, College Station, Texas, USA). Chi-square test was used to compare proportions of more than two groups. Proportions of two groups were compared using Two- sample test of proportions. Two-sample Wilcoxon rank sum test (Mann --Whitney *U* test) was used to ascertain the significance of two groups' median values. Survival between groups was compared by comparing the survival functions using the Kaplan-Meier survival curves. To test for significance, Log-Rank Test was used. The survival function analysis was able to deal with censoring. Univariate and multivariable Cox proportional hazard regression was used to assess predictors associated with multiple episodes of fever. Confidence interval (CI) of 95 % and a 5 % level of significance was used to assess statistical significance.

Results {#Sec6}
=======

Basic characteristics of study participants {#Sec7}
-------------------------------------------

The total sample consisted of 1221 children aged between 12 and 59. These participants were followed-up on a monthly basis for reported fever outcome. The median age of the children was 32 months (range 12--58) and mean duration of follow-up of 9.6 months (standard deviation 4.6).

Most of the children were from Magoye 696 (57 %) while 543 (43 %) were from Chivuna. There was no statistical difference (*p* = 0.234) in the distribution of different age groups in the two study areas. There was no statistical difference (*p* = 0.251) in the overall distribution of males and females in the two study areas as shown in Table [1](#Tab1){ref-type="table"}.Table 1Magoye had a significantly higher probability of survival of under-5 children from fever compared to Chivuna (*p* \< 0.001) as shown in Fig [2](#Fig2){ref-type="fig"}Study siten (%)ParameterMagoye, 696 (57)Chivuna, 525 (43)*p*-value for chi-square testAge (months)12--24155 (30)122 (32)0.23425--36151 (29)96 (26)37--48139 (26)86 (23)49--6079 (15)70 (19)SexMale304 (50)233 (54)0.251Female303 (50)201 (46)*N* number

Incidence of fever {#Sec8}
------------------

The overall incidence rate of fever in the study sites was 162.4 per month per 1000 under-5 children during the period between July 2006 and November 2007. However, the incidence rate was lower in Magoye compared to Chivuna. The monthly incidence rate of fever in Magoye was at 143.2 per 1000 under-5 children whereas in Chivuna it was at 193.4 per 1000 under-5 children per month, the difference was statistically significant (95 % CI 131.9, 155.4 and 176.9, 211.5 respectively). The median survival time was four months, interquartile range (IQR) (2, 9) and the total person time at risk was at 6489 months. Incidence rate of fever stratified by gender showed not significantly difference between males and females \[164.7 (95 % CI 150.4, 180.3) and 159.8 (95 % CI 145.3, 175.7) per 1000 children, respectively\], even though it was slightly higher in males. Incidence rate of fever was significantly higher in the rainy season (November to April) at 218.7 (95 % CI 201.8, 237.0) per month per 1000 children compared to the dry season (May to October), which had 122.2 (95 % CI 111.5, 133.8). Children aged between 12--24 months had a higher incidence rate of fever (180.0 per month per 1000 children) as compared to the ones aged 37--48 months whose incidence rate was at 147.3 per month per 1000 children for the period of 16 months. This is shown in Table [2](#Tab2){ref-type="table"} below.Table 2Incidence rate of fever by Location, Sex, Season and Age (months) over 16 months follow-up in Magoye and Chivuna rural parts of ZambiaCharacteristicsNumber of feversTotal person-months at riskIncidence rate^\*^1000 (95 % CI)Overall10546489162.4 (152.9, 172.5)locationMagoye5734002143.2 (131.9, 155.4)Chivuna4812487193.4 (176.9, 211.5)SexMale4702854164.7 (150.4, 180.3)Female4262666159.8 (145.3, 175.7)SeasonRainy5922707218.7 (201.8, 237.0)Dry4623782122.2 (111.5, 133.8)Age (months)12--242411339180.0 (158.6, 204.2)25--362121305162.5 (142.0, 185.9)37--481911297147.3 (127.8, 169.7)49--60137717191.1 (161.6, 225.9)*CI* confidence interval

Univariate analysis (chi-square) {#Sec9}
--------------------------------

The results of univariate analysis to assess for correlation between individual explanatory characteristics and development of fever are given in Table [3](#Tab3){ref-type="table"}. A total of 362 (29.6 %) participants were reported to have fever.Table 3Basic characteristics of the study participants sorted according to outcomeFactors% (95 % CI)FeverNo feverP-value*n* = 362 (29.6 %)*n* = 859 (70.4 %)Age (months)12--2433 (27, 39)30 (26, 34)0.779\|^a^25--3626 (21, 32)28 (24, 32)37--4825 (20, 31)25 (22, 29)49--6015 (11, 20)17 (14, 20)LocationMagoye52 (47, 57)59 (56, 62)0.028\|^a\*^Chivuna48 (43, 53)41 (38, 44)Sex^c^Male53 (47, 59)51 (47, 55)0.546\|^a^Female47 (41, 53)49 (45, 53)ITN ownership^c^Yes36 (31, 41)N/A\<0.0001\|^b\*^No64 (59, 69)N/AWho slept under ITN^c^Under-five children91 (84, 96)N/A\<0.0001\|^b\*^Others9 (4, 16)N/ASeasonsRainy33 (28, 38)35 (32, 38)0.457\|^a^Dry67 (62, 72)65 (62, 68)*N* number of participants^a^ Chi-square test.^b^ Two- sample test of proportions. N/A means Not Applicable; questions were only for respondents whose children had fever^c^Percentages worked on less numbers from the overall due to missing values^\*^Significant finding (*p* \< 0.05)

The median age did not differ significantly between children that had fever and children that did not (median 32 vs. 33 months; *P* = 0.504). The proportion of fever cases decreased with respect to an increase in the age (12--24, 25--36, 37--48 and 49--60) of a child (33 %, 26 %, 25 % and 15 %, respectively), although it was not statistically significant (*p* = 0.779). The proportion of children with fever was significantly higher (64 %) among under-five children whose households did not own insecticide treated nets (ITNs) compared to households with insecticide treated nets (36 %), with *p* \< 0.001. Furthermore, an under-five child was significantly more likely to sleep under an ITN (91 %) compared to any other person in the household (9 %), *p* \< 0.0001.

Predictors of multiple episodes of fever {#Sec10}
----------------------------------------

Univariate analysis (Table [4](#Tab4){ref-type="table"}) showed that children aged between 37--48 months had a significant protective effect against fever by 19 % (1--0.81)\*100 (HR 0.81; 95 % CI 0.67, 0.98; *p* = 0.033) in comparison to those aged 12--24 months. There was no statistical difference in fever episodes in terms of sex (HR 0.97; 95 % CI 0.85, 1.11; *p* = 0.688). There was also no statistical difference in fever episodes between households with ITNs vs. no ITNs (HR 1.04; 95 % CI 0.91, 1.19; *p* = 0.601). Dry season had a significant protective effect against fever episodes by 80 % (HR 0.20; 95 % CI 0.16, 0.25; *p* \< 0.001) when compared to rainy season. A child residing in Chivuna area was at 1.34 times risk of having a fever episode compared to one in Magoye area (HR 1.34; 95 % CI 1.19, 1.52; *p* \< 0.001). In terms of health seeking, there was 1.15 likelihood of seeking treatment from community health workers than from a Health facility, but the findings were not statistically significant (*p* = 0.158). During adjusted analysis (Table [4](#Tab4){ref-type="table"}), season was still significantly associated (*p* \< 0.001) with fever episodes and all other variables were statistically not significant. Hence, the best predictors' model (Table [5](#Tab5){ref-type="table"}), showed that age (12--24 vs. 37--48), location and season were the predictors that were significantly associated with multiple episodes of fever.Table 4Predictors of multiple episodes of fever (Univariate and Multivariate analysis)VariablesUnivariate HR (95 % CI)*P*-valueAdjusted HR (95 % CI)*P*-valueAge (months)12--241.001.001.001.0025--360.91 (0.75, 1.09)0.2940.96 (0.76, 1.20)0.69637--480.81 (0.67, 0.98)0.033^\*^0.84 (0.67, 1.06)0.15149--601.05 (0.85, 1.30)0.6241.00 (0.78, 1.28)0.997SexMale1.001.001.001.00Female0.97 (0.85, 1.11)0.6880.97 (0.82, 1.15)0.705LocationMagoye1.001.001.001.00Chivuna1.34 (1.19, 1.52)\<0.001^\*^1.14 (0.93, 1.3900.208ITN ownershipYes1.001.001.001.00No1.04 (0.90, 1.19)0.6011.19 (0.97, 1.47)0.088SeasonRainy1.001.001.001.00Dry0.20 (0.16, 0.25)\<0.001^\*^0.21 (0.15, 0.30)\<0.001^\*^Source of treatmentHealth facility1.001.001.001.00Comm. Health Workers1.15 (0.95, 1.39)0.1581.12 (0.86, 1.45)0.392Other sources0.85 (0.69, 1.05)0.1290.84 (0.66, 1.09)0.190*HR* hazard ratio, *CI* confidence interval. Other sources (Friend, Relatives, Traditional healers or Spiritualists). *Comm* community^\*^Significant finding (*p* \< 0.05)Table 5Adjusted predictors of multiple episodes of fever (hazard ratio) from the best model that fits the data wellPredictors of fever episodesHR (95 % CI)*p*-valueAge (months)12--241.001.0025--360.88 (0.73, 1.06)0.17337--480.81 (0.67, 0.98)0.030^\*^49--601.02 (0.83, 1.26)0.862LocationMagoye1.001.00Chivuna1.35 (1.17, 1.56)\<0.001^\*^SeasonRainy1.001.00Dry0.17 (0.12, 0.23)\<0.001^\*^*HR* hazard ratio, *CI* confidence interval^\*^Significant finding (*p* \< 0.05)

Kaplan-Meier (K-M) survival estimates {#Sec11}
-------------------------------------

The overall survival, number at risk and events experienced at each time interval during the study period is shown in Fig. [1](#Fig1){ref-type="fig"}. At the beginning of the study, 1221 under-5 children were recruited for a 16 months follow-up for fever outcome. The probability of survival from fever was reduced to about 5 % by the end of the study. Hence, an under-5 child in both Magoye and Chivuna rural communities had a probability of about 95 % of having fever in a period of 16 months. Magoye had a significantly higher probability of survival of under-5 children from fever compared to Chivuna (*p* \< 0.001) as shown in Fig. [2](#Fig2){ref-type="fig"}. Figure [3](#Fig3){ref-type="fig"} shows that, there was no significant difference (*p* = 0.6474) in the probability of survival from fever between males and females in the study.Fig. 1K-M Survival Estimate; Probability of not having Fever for all ParticipantsFig. 2K-M Survival Estimates; Probability of not having Fever by Study SiteFig. 3Kaplan-M Survival Estimates; Probability of not having Fever by Sex

Discussion {#Sec12}
==========

The incidence of fever in under-five children in some rural parts of Zambia was still a huge challenge as it was revealed by this study. Meanwhile malaria has continued to be a major cause of morbidity and mortality in Zambia \[[@CR13]\]. The study determined the reported incidence of fever in under-5 children of Magoye and Chivuna rural communities of Mazabuka district, Southern province, Zambia. Furthermore, the study explored predictors of multiple episodes of fever.

The overall incidence rate of fever in the study participants was high in 16 months period. However, there was some variation when stratified by other variables. In this study, the incidence rate of fever in the rainy season was higher than in the dry season. This compares well with other studies which had similar findings \[[@CR14], [@CR15]\]. The high incidence of fever in the rainy season is probably due to higher rate of transmission of malaria infection during this season \[[@CR16]\]. In many areas where malaria is endemic, transmission is seasonal, with the peak during and just after the rainy season \[[@CR17]\]. This is because fever is one of the first major symptoms of malaria \[[@CR8]\].

In Chivuna, there were more episodes of fever cases as compared to Magoye. The difference could have been impacted by a community intervention \[Health facility (HF) + Community directed treatment (ComDT)\] that was taking place in Chivuna rural community at the time the data was being collected, Magoye was a control (HF) for that community study. The findings are similar to the study conducted in Burkina Faso \[[@CR18]\], where the number of malaria episodes treated in the intervention arm \[HF + Home Management of Malaria (HMM)\] was much higher than in the control arm (HF). This is because, when the treatment option is close to home, caretakers tend to make use of it and hence the increase in the number of fever or malaria episodes being treated. Other probable reasons could be due to the availability several water bodies in Chivuna and it being more rural than Magoye. Magoye is located along a highway as such it could be possible that accessibility to preventative measures is easier than in Chivuna.

Gender was not a significant predictor of fever in under-five children. This finding is in line with the study that was conducted in rural Thatta, Pakistan \[[@CR19]\]. According to the available evidence, it is suggested that given an equal exposure, male and female are equally vulnerable to malaria infection \[[@CR20]\]. However, the age of a child, specifically those aged 12--24 and 37--48 months was a significant predictor of multiple episodes of fever, in which the youngest group had the highest burden of fever. This is similar to findings in other studies \[[@CR15], [@CR19], [@CR21], [@CR22]\], in which it was found that, children aged one to two years had the highest proportion of fever or malaria burden. This is likely to be the result of inadequate immunity which results in rapid increase in the parasite count and development of complications \[[@CR23]\]. The infants in the first two months of life are protected by passive immunity offered by maternal antibodies and as a child grow from 2 years and above, they start to develop immunity. The study also revealed that, the incidence rate of fever in those aged 12--24 months was higher as compared to the children aged 37--48 months.

The households without insecticide treated nets (ITNs) had more cases of fever as compared to those households that owned ITNs. This result is similar to that of earlier studies \[[@CR24]--[@CR26]\]. According to Atieli et al., \[[@CR27]\] households who own ITNs and make use of them are protected from mosquito bites , thereby having reduced episodes of fever or malaria infection. However, adjusted analysis in our study revealed that ITN ownership was not found to be a significant predictor of multiple episodes of fever. This could have been probably due to ownership not always translating into usage, although a study in Tanzania \[[@CR28]\], revealed that there was no significant difference in ownership and usage of ITNs. However, among the households that owned ITNs, the findings were that more of the under-5 children slept under the ITNs than any other person in a particular household, as also reported by studies in Nigeria, Africa and Ethiopia \[[@CR29]--[@CR31]\]. In most cases, the youngest children are given more care than older ones in a household; this could explain the probable reason why more under-5 children slept under the ITNs.

Limitation of the study {#Sec13}
-----------------------

Several limitations may arise because of a data whose initial purpose of collection was different. The aim of the parent study was to determine the effectiveness of adding community directed treatment on health facility (HF + ComDT) with regard to treatment of soil-transmitted helminth infections and care-seeking behaviour compared to the model that had only health facility (HF). However, during that process longitudinal data on childhood fever was collected which this present study analysed. The data was also collected in 2007; hence, the need to do a current study to see if things have changed.

Perceived fevers in under-5 children which were reported over the period of 16 months by their caretakers to determine the incidence of fever may have been defined wrongly as any poor health rather than a biologically equivalent and clinically increased body temperature \[[@CR32]\]. Not all fevers are malaria \[[@CR33], [@CR34]\], as this study used fever as a proxy for malaria. The data also could have been subject to recall bias as the caretakers were made to remember whether the child had fever in the previous month. However, a review study in Tanzania showed that, caretakers had generally a good biomedical understanding of febrile illnesses in terms of both types and symptoms \[[@CR28]\]. Despite these limitations, in most malaria endemic countries with limited resources, fever in children is still used as a proxy for malaria.

### Recommendations {#Sec14}

The following are the recommendations from this study: To enhance the control and preventive programmes aimed at reducing fever or malaria incidence, like ITN utilization especially in the rainy season. There is need to conduct a longitudinal study specifically on the confirmed cases of malaria in under-5 children so as to have a more clearly picture with regards to incidence rate and care-seeking behaviour. The need to conduct a recent study as this study was conducted in 2006/2007; a lot might have changed.

Conclusion {#Sec15}
==========

The study was able to show the incidence of fever in under-5 children of Magoye and Chivuna rural parts of Zambia. For the period of 16 months, the incidence rate of fever was high among under-5 children and they had a minimal probability of not having fever. Hence, the prevalence of fever in under-5 of Magoye and Chivuna rural parts of Mazabuka district is still a public health problem. This could have been a contributing factor to under-5 mortality. Hence, the need for examination of the control and preventive measures and reinforcement of the programmes aimed at reducing the incidence of fever or malaria in the communities.
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